Introduction
============

Chronic kidney disease (CKD) is a common disease, with a gradually increasing incidence worldwide. Laboratory findings and clinical symptoms are utilized in the diagnosis of CKD. Radiological examinations are another crucial tool in the differential diagnosis. Plain abdominal radiography, intravenous pyelography, ultrasonography (US), and computed tomography (CT) are commonly used methods. US is a simple, cost-effective, and non-invasive method that is easy to use for renal imaging \[[@b1-usg-17012]\]. Length, volume, echogenicity, and cortical thickness are important parameters in making an ultrasonographic diagnosis \[[@b1-usg-17012],[@b2-usg-17012]\]. Renal length has widely been used as a predictor of CKD, and for this reason the bipolar renal length is generally reported in US \[[@b3-usg-17012]\]. Length is feasible to measure, but is not necessarily diagnostic, as it is not always measured using a standardized approach and is related to body size \[[@b4-usg-17012]\]. In previous studies, kidney volume was used as a direct indicator of kidney size, rather than kidney length, but evaluating renal volume is difficult and requires experience. Renal cortical thickness (RCT) and echogenicity have also been used in the diagnosis of CKD. With the progression of the disease, RCT decreases and echogenicity increases. Laboratory assays play a supportive role tracking the progression of the disease during follow-up, along with the previously mentioned methods \[[@b5-usg-17012],[@b6-usg-17012]\]. However, echogenicity is mainly based on the evaluation of a specialist, which in turn may yield subjective results; moreover, no established standardized normal range values currently exist for echogenicity, and a normal result for renal echogenicity does not exclude the possibility that the patient\'s kidney is damaged \[[@b7-usg-17012],[@b8-usg-17012]\]. The aim of this study was to evaluate the correlations between laboratory findings and ultrasonographic measurements of renal length and cortical thickness in patients receiving follow-up care for CKD.

Materials and Methods
=====================

CKD patients with a low glomerular filtration rate who did not require renal replacement therapy were included in this prospective study. All participants signed a written consent form prior to the study. This study was approved by the local institutional ethics committee. The study was performed between January 2013 and November 2016. The mean follow-up time was 24 months. The exclusion criteria were as follows: having polycystic kidney disease or a serious associated condition such as active malignancy, infection, or end-stage cardiac, pulmonary, or hepatic disease. A total of 41 patients (18 males and 23 females; mean age, 65.2 years; range, 42 to 85 years) with CKD who had low glomerular filtration rates were included in this study. Patients were followed up with laboratory assays conducted at bimonthly intervals and US performed twice a year. In case of rapid progression and the presence of uremic symptoms, the follow-up period was shortened and the parameters were recorded more often than previously scheduled. In the biochemical analysis, blood urea nitrogen, creatinine, and the urinary albumin-to-creatinine ratio (ATCR) were measured. The Cockroft-Gault (CG) formula was used to calculate the estimated glomerular filtration rate (eGFR) \[[@b9-usg-17012]\]. The CG equation is defined as follows: eGFR=(140-age)×(weight in kg)×(0.85 if female)/(72×Cr), where Cr refers to creatinine. Two experienced radiologists in our radiology department who were blinded to the current renal functionality of each patient, additional imaging, or any other clinical information, performed the renal US monitoring of the patients using a standard gray-scale B-mode US apparatus with a 3.5-MHz curvilinear transducer probe (Toshiba Aplio, Tokyo, Japan). The eGFR values were calculated by nephrologists. Renal length and cortical thickness values were evaluated at the beginning of the study and after 24 months of follow-up. Bilateral renal length was measured as the maximum pole-to-pole distance in the sagittal plane. RCT was determined bilaterally by measuring the shortest distance between the renal capsule and the base of a medullary pyramid at the level of the mid-kidney ([Fig. 1](#f1-usg-17012){ref-type="fig"}) \[[@b6-usg-17012]\]. When possible, these measurements were made on the kidney that was included in the study. Measurements at three different areas were made in each examination, with sufficient magnification, and then the average of these measurements was used.

Statistical analysis was performed using SPSS ver. 21 (IBM Corp., Armonk, NY, USA). RCT, renal length, and eGFR values were measured at the beginning and at the end of the study and were compared using the paired-samples t test. Additionally, Pearson correlation analysis was conducted between renal length and RCT measurements and eGFR values to assess kidney function. P-values of \<0.05 were considered to indicate statistical significance.

Results
=======

During the follow-up of 41 patients, eight patients started hemodialysis. After hemodialysis, the relevant data for these patients were excluded from the statistical analysis, as dialysis would be expected to improve their renal function, in turn leading to biased results.

Twenty-three patients had hypertension (HT), four patients had diabetes mellitus (DM), and 12 patients had both DM and HT. In the beginning of the study, the subjects' mean creatinine and eGFR levels were 2.61 mg/dL and 35.92 mL/min, respectively. Their mean ATCR was 2.41. After 24 months, the mean creatinine level increased to 3.52 mg/dL, and their eGFR decreased to 28.38 mL/min. The ATCR increased to 3.46. The mean renal length was 91.29 mm at the beginning of the study and 90.24 mm at the end of the study. The mean RCT was 5.76±2.05 mm at the beginning of the study and 5.28±1.99 mm at the end of the study. The mean eGFR significantly decreased over the course of the study (P\<0.01). Renal length and RCT values likewise prominently decreased (P\<0.01) ([Table 1](#t1-usg-17012){ref-type="table"}).

The incidence of renal parenchymal atrophy is lower in diabetic patients. In our study, the mean renal diameter and RCT values were 98.06±9.69 mm and 6.95±2.07 mm, respectively, in the DM patients at the beginning of the study, compared to 86.96 mm and 5.01 mm, respectively, in the non-DM patients. At the end of the study, these parameters were 97±9.45 mm and 6.37±1.98 mm, respectively, in the DM patients, and 85.92±5.56 mm and 4.58±1.86 mm, respectively, in the non-DM patients. The mean renal diameter and RCT values were significantly higher in the DM patients. Nonetheless, in both groups, these parameters decreased over the course of the study.

The mean RCT, renal length, and eGFR values of the entire study cohort were 5.52 mm, 90.77 mm, and 32.15 mL/min, respectively. A statistically significant positive relationship was found between eGFR and mean renal length (r=0.66, P\<0.01) and between eGFR and mean RCT (r=0.85, P\<0.01), with the latter being more prominent ([Fig. 2](#f2-usg-17012){ref-type="fig"}).

Discussion
==========

The burden of CKD has dramatically increased and is consuming the resources of both developed and developing economies. For this reason, efforts to reduce the cost of managing this disease are always welcomed. This aim of this study was to identify a simpler method of determining the functional capacity of kidneys in individuals with CKD, and we attempted to determine the usefulness of RCT measurements obtained via US as an indicator of kidney function. The widely accepted consensus is that a relationship exists between renal length and functionality. In this approach, renal length measurements are generally included in US imaging reports \[[@b3-usg-17012]\]. We found that RCT exhibited a direct correlation with renal function and length measurements in patients with CKD. Based on the current study, it seems that cortical thickness measured using US may be more closely related to eGFR than renal length in patients receiving follow-up care for CKD. In a study conducted by Beland et al. \[[@b10-usg-17012]\], it was reported that cortical thickness measured using US was related to eGFR. Those authors measured the RCT and the length of the kidneys in 25 patients with CKD and found that RCT was more significantly related to eGFR than was renal length \[[@b10-usg-17012]\]. We also obtained similar results in our prospective study with more patients. In another study by Widjaja et al. \[[@b11-usg-17012]\], it was reported that renal area and cortical thickness values were better predictors of renal functionality than renal length in a series of 69 patients with renal artery stenosis.

In previous studies, kidney volume was emphasized by several authors as a direct indicator of kidney size, instead of kidney length, in both diseased and healthy patients \[[@b2-usg-17012],[@b4-usg-17012]\]. In a more recent study, it was reported that kidney length and volume were correlated with eGFR in the elderly, but that kidney length had lower specificity in predicting renal impairment \[[@b12-usg-17012]\]. Another study suggested a correlation between eGFR and renal volume measured using USG in 116 healthy children \[[@b13-usg-17012]\]. However, it can be difficult to evaluate renal volume, and doing so requires experience. Volumetric estimations can be made based on the ellipsoid formula, but this method has an inherent deficiency, because the kidney has a bean-shaped structure rather than a pure 3-dimensional ellipsoid frame \[[@b14-usg-17012]\]. In addition to this fact, the ellipsoid volume would include the central sinus fat, which does not contain functioning renal tissue and may vary among patients. These factors can contribute to the finding reported in a recent study, in which a positive but weak association between sonographically determined kidney volume and various indices of eGFR was identified \[[@b15-usg-17012]\]. In contrast, in some studies conducted in the recent past, it has been reported that renal volume and cortical thickness measurements conducted using CT and magnetic resonance imaging could be beneficial for determining renal functionality levels \[[@b14-usg-17012],[@b16-usg-17012]-[@b18-usg-17012]\].

However, radiation exposure and high costs are disadvantages of such an approach. For this reason, we think that measuring RCT is an ideal approach in patients with CKD, given adequate consideration of the advantages and disadvantages of this method. The current study has the limitations of including a small number of patients and a short follow-up period. The participating patients could have been followed up for a longer time. However, the results of our study suggest that functionality tests may show significant correlations with RCT. Another potential limitation of our study is that 24-hour urine collection was not used for glomerular filtration rate calculation and proteinuria estimation. The CG method was used for determining the eGFR, and ATCR in a spot urine sample was used for proteinuria detection. Nonetheless, these methods are universally accepted and are routinely used in clinical practice.

In conclusion, based on the data gathered in our study, RCT was correlated with renal function, and therefore, measuring RCT using US is an important method in the follow-up care of patients with CKD. Additionally, US is a cost-effective and easy-to-use way to conduct this kind of investigation. Nonetheless, the interpretation of US images generally involves relatively subjective observations made by a specialist. Thus, one should keep in mind that some discrepancies could occur in the evaluation of US image reports, which means that it would be preferable for evaluations to be made in a double-blinded manner. We believe that further, more comprehensive studies with more subjects would make a considerable contribution to the knowledge base in this field.
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![A representative longitudinal sonogram for the measurement of renal cortical thickness.\
A. Renal length (A) and cortical thickness (B) were measured using electric calipers. B. Three separate measurements (A, B, and C) were made with sufficient magnification to measure renal cortical thickness.](usg-17012-f1){#f1-usg-17012}

![Correlations of estimated glomerular filtration rate (eGFR) values with mean renal length and mean cortical thickness.\
A. The correlation coefficient (r) between mean renal length and eGFR was 0.66 (P\<0.01). B. The correlation coefficient (r) between mean cortical thickness and eGFR was 0.85 (P\<0.01).](usg-17012-f2){#f2-usg-17012}
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Changes in renal cortical thickness, renal length measurements, and renal function tests during the follow-up period

                                  Renal cortical thickness (mm)   Renal length (mm)   eGFR (mL/min)   Creatinine level (mg/dL)   Albumin- to-creatinine ratio
  ------------------------------- ------------------------------- ------------------- --------------- -------------------------- ------------------------------
  At the beginning of the study   5.76                            91.29               35.92           2.61                       2.41
  After 24 mo                     5.28                            90.24               28.38           3.52                       3.46
  P-value                         \<0.001                         \<0.001             \<0.001         \<0.001                    \<0.001

Values are presented as mean value.

eGFR, estimated glomerular flow rate.
